Introduction
============

Down syndrome (DS) is a chromosomal disorder occurring in about 1 per 650 to 1000 live births, and there is also a marked increase in prevalence with advanced maternal age.[@b1-tcrm-6-601]--[@b5-tcrm-6-601] In Europe, DS accounts for 8% of all registered cases of congenital anomalies, and it is the most common cause of intellectual disability (ID).[@b2-tcrm-6-601],[@b6-tcrm-6-601],[@b7-tcrm-6-601]

DS is characterized by altered psychomotor development and an increased risk of concomitant congenital defects and organic disorders, such as congenital heart and gastrointestinal defects, celiac disease, and hypothyroidism.[@b8-tcrm-6-601] Although life expectancy is still low, recently, there has been a substantial increase in life expectancy of persons with DS. Yang et al reported an average increase of 1.7 years of age at death per year studied from 1983 to 1997.[@b9-tcrm-6-601] This is mainly due to the successful surgical treatment of congenital heart disease and the improved treatment of congenital anomalies of the gastrointestinal tract.[@b7-tcrm-6-601],[@b10-tcrm-6-601],[@b11-tcrm-6-601] Average life expectancy of persons with DS has, therefore, increased into the late 50s and a person with DS who lived to the age of 83 years has been reported in the literature.[@b12-tcrm-6-601],[@b13-tcrm-6-601]

Preventive health care has also contributed to improved overall outcome and quality of life in persons with DS.[@b8-tcrm-6-601] Furthermore, improved educational services and greater social acceptance of people with disabilities in the community have led to deinstitutionalization of people with DS.[@b14-tcrm-6-601] Given that ambulation is one important predictor of survival among adults with DS, this ever increasing number of community-dwelling individuals may well benefit from structured exercise interventions to remain productive and healthy throughout their lives.[@b15-tcrm-6-601] This notion becomes even more relevant when considering the ubiquitous nature of reduced exercise capacity in persons with DS.[@b16-tcrm-6-601]--[@b21-tcrm-6-601] Accordingly, it is important to provide an etiological basis for such low levels of exercise capacity, as ultimately this will improve the clinical management of health-related physical fitness in persons with DS from childhood to adulthood. In addition, the effects of reduced exercise capacity on the ability of persons with DS to perform functional tasks (ie, tasks of daily living) needs investigation as this may be helpful in designing specific exercise interventions. Thus, the purpose of this article is to provide a comprehensive review of the current knowledge of the causes, effects, and management of reduced exercise capacity in DS. Because data on the supramaximal exercise capacity of persons with DS are scarce and unreliable, this review is limited to the acute and chronic responses to submaximal and peak exercise intensities in these individuals.[@b22-tcrm-6-601]

Causes for reduced exercise capacity in DS
==========================================

The most important physiological factors related to exercise capacity and work performance in humans include peak oxygen uptake (VO~2peak~), exercise economy, and the ventilatory threshold (VT).[@b23-tcrm-6-601],[@b24-tcrm-6-601] The finite rate of adjustment of oxidative phosphorylation to sudden increases and decreases in energy demand (ie, VO~2~ kinetics) is also important in minimizing the magnitude of the O~2~ deficit and debt, which can influence work performance.[@b25-tcrm-6-601] There is considerable evidence to support the clinical significance of all these factors as they are commonly altered in several pathological conditions (ie, coronary artery disease, myopathic heart disease, valvular heart disease, congenital heart disease, peripheral arterial disease, diabetes, anemia, obesity, obstructive lung disease, and restrictive lung disease).[@b26-tcrm-6-601] Interestingly, healthy persons with DS (free from congenital or atherosclerotic heart disease, respiratory disease, or endocrine disorders) share common features with most of these pathological conditions, and this has been shown to limit their work performance during simple tasks, including treadmill exercise.[@b19-tcrm-6-601]

Peak oxygen uptake in persons with DS
-------------------------------------

The upper limit of aerobic metabolism that can be maintained during exercise is termed VO~2peak~.[@b27-tcrm-6-601]--[@b30-tcrm-6-601] This is usually achieved during exercise using relatively large muscle mass (ie, treadmill exercise) and represents the integrative ability of the heart to generate a high cardiac output, total body hemoglobin, high muscle blood flow, and muscle O~2~ extraction, and in some cases, the ability of the lungs to oxygenate the blood.[@b30-tcrm-6-601]--[@b35-tcrm-6-601]

All previous studies on peak exercise capacity of individuals with DS have consistently found a lower VO~2peak~, a shorter time to exhaustion, and a lower peak work rate in these individuals compared to age-matched controls.[@b16-tcrm-6-601]--[@b20-tcrm-6-601],[@b36-tcrm-6-601],[@b37-tcrm-6-601] Fernhall et al first reported VO~2peak~ values of 26 mL/kg/min for adolescents with DS and peak heart rates of 170 bpm.[@b16-tcrm-6-601],[@b36-tcrm-6-601] This is substantially different from the typical values attained by nondisabled adolescents during peak exercise testing (VO~2peak~: 50--52 mL/kg/min; heart rate: 195--205 bpm).[@b38-tcrm-6-601] Pitetti et al also obtained similar results in both their studies, showing that adults with DS exhibited VO~2peak~ values from 22 to 24 mL/kg/min compared with 30--35 mL/kg/min for their peers without DS.[@b17-tcrm-6-601],[@b37-tcrm-6-601] The peak heart rates were also lower for the groups with DS (157--159 bpm) compared with those without DS (178--186 bpm). The reason for the low VO~2peak~ and peak heart rates in DS was, at the time, difficult to ascertain, and some investigators believed that lack of motivation and, therefore, lack of valid peak effort could explain the findings.[@b39-tcrm-6-601],[@b40-tcrm-6-601] In contrast, others argued that DS might be associated with true chronotropic incompetence due to attenuated adrenergic responsiveness during exercise.[@b16-tcrm-6-601],[@b41-tcrm-6-601]--[@b43-tcrm-6-601] According to this hypothesis, chronotropic incompetence would limit peak cardiac output and consequently produce a lower VO~2peak~ in these individuals. Finally, it was also suggested that obesity, which is highly prevalent in persons with DS, could explain their reduced exercise capacity.[@b41-tcrm-6-601],[@b44-tcrm-6-601]--[@b47-tcrm-6-601]

With the purpose of exploring the 'lack of motivation' hypothesis, Fernhall et al tested the validity and reliability of treadmill peak exercise testing (graded exercise testing -- GXT) in adolescents with DS.[@b42-tcrm-6-601] The authors used objective criteria to identify valid peak efforts such as a plateau in VO~2~ (\<150 mL/min increase) with an increase in work rate or a plateau in heart rate (\<2 bpm increase) with increase in work rate concomitant with a respiratory exchange ratio \>1.0. Results indicated that under these conditions (treadmill exercise testing and use of objective criteria for peak effort determination), peak exercise testing in persons with DS was as valid and reliable as in individuals without ID (reliability coefficient of 0.94). Consequently, these findings argued against the 'lack of motivation' hypothesis and suggested a true physiological limitation during acute exercise in persons with DS.

The 'chronotropic incompetence' hypothesis was subsequently explored in a study that compared the differences in cardiorespiratory capacity between adults with DS and those with other ID.[@b18-tcrm-6-601] The authors found that the lower peak heart rates of the subjects with DS explained their lower levels of aerobic capacity. Results were, therefore, in support of this hypothesis and further corroborated the notion that limited cardiac output at peak exercise is the likely explanation of the low work capacity in individuals with DS. This led to speculations of possible relationships between attenuated sympathetic response to exercise (ie, autonomic dysfunction), chronotropic incompetence, and low VO~2peak~ in this population.

In another study, it was shown that peak heart rates in persons with DS were \<30 bpm lower than those predicted by the formula 220 minus age.[@b48-tcrm-6-601] However, a follow-up study by Guerra et al more decisively showed that individuals with DS likely exhibit true chronotropic incompetence during exercise.[@b49-tcrm-6-601] In this study, the chronotropic response index (CRI) of adults with DS was compared to that of nondisabled controls. The CRI is a submaximal exercise variable derived from the relative relation between heart rate and metabolic reserve. The CRI, in contrast to peak heart rate, is independent of effort, motivation, age, resting heart rate, and physical fitness.[@b50-tcrm-6-601],[@b51-tcrm-6-601] Not only did participants with DS show lower CRI values than controls, but they also exhibited values similar to those reported in nondisabled populations with true chronotropic incompetence (ie, coronary heart disease and heart failure) (CRI \< 0.9).[@b50-tcrm-6-601],[@b52-tcrm-6-601]--[@b54-tcrm-6-601]

The association between chronotropic incompetence and DS was subsequently confirmed by several reports showing significant differences between peak heart rates attained by these individuals and those of individuals without DS.[@b20-tcrm-6-601],[@b21-tcrm-6-601],[@b55-tcrm-6-601]--[@b62-tcrm-6-601] Taken together, all these studies point toward strong evidence supporting the 'chronotropic incompetence' hypothesis as one of the primary causes for reduced VO~2peak~ in persons with DS. The exact mechanism for this phenomenon is not completely understood, but there is strong evidence for blunted adrenergic responsiveness in persons with DS.[@b43-tcrm-6-601],[@b57-tcrm-6-601],[@b58-tcrm-6-601] This may also be related to altered autonomic function, as vagal withdrawal during exercise and spontaneous baroreceptor function have been shown to be reduced in individuals with DS.[@b63-tcrm-6-601]--[@b66-tcrm-6-601] The most likely candidate is reduced catecholamine response to maximal exercise.[@b43-tcrm-6-601],[@b58-tcrm-6-601] Fernhall et al recently showed that individuals with DS exhibited only minor norepinephrine increases and no change in epinephrine in response to peak treadmill exercise occurred.[@b58-tcrm-6-601] Since the change in both epinephrine and norepinephrine was related to both peak heart rate and peak exercise capacity and it has been shown that changes in catecholamines are largely responsible for increases in heart rate at exercise intensities above the VT, it is highly likely that the reduced ability to produce catecholamines is the major cause of chronotropic incompetence in persons with DS.[@b67-tcrm-6-601]

Arguments against the 'obesity' hypothesis first resulted from the work of Fernhall et al that found no significant relationships between reduced VO~2peak~ and select anthropometric variables (body size and body mass).[@b18-tcrm-6-601] These findings thus suggested some degree of independence between peak exercise capacity and morphologic features typical of DS (lower height and increased body mass). Subsequently, it was shown that obesity was not related to the attenuated hemodynamic response of persons with DS during three autonomic provocative maneuvers (peak exercise, cold pressure test, and isometric handgrip).[@b59-tcrm-6-601] This was later confirmed by Figueroa et al who also found no association between impaired cardiac autonomic regulation during isometric handgrip and obesity in adults with DS.[@b63-tcrm-6-601] Furthermore, in contrast to individuals without DS, obesity has no effect on maximal heart rate and little effect on VO~2peak~ in persons with DS.[@b68-tcrm-6-601] Consequently, to the best of our knowledge, there is no scientific evidence supporting the 'obesity' hypothesis as a main cause of low VO~2peak~ in persons with DS.

Considering the dependency of VO~2peak~ on ventilatory capacity, it seems possible that the reduced peak exercise capacity in DS corresponds to reductions in ventilatory function. In agreement, it has been reported that persons with DS typically exhibit low peak exercise minute ventilation.[@b18-tcrm-6-601],[@b19-tcrm-6-601],[@b42-tcrm-6-601],[@b48-tcrm-6-601] The lack of ability to achieve high rates of ventilation by individuals with DS could result from reduced airway size, small nasal passages, and large tongue, potentially making it more difficult to breathe during exercise. However, Fernhall and Pitetti reported that the ventilation of subjects with DS was found to be appropriate for their VO~2~ during peak exercise.[@b19-tcrm-6-601] This suggested that the reduced ventilation does not account for the low VO~2peak~ values in this population. Finally, it was also speculated that altered mitochondrial function in DS could impact muscle function during endurance exercise.[@b20-tcrm-6-601] This would be manifested by a delayed rate of VO~2~ increase in response to exercise and contribute to low VO~2peak~ in individuals with DS. However, this is not supported by recent findings of preserved VO~2~ kinetics in adults with DS while responding to exercise.[@b56-tcrm-6-601]

VT in persons with DS
---------------------

The ability to exercise for long periods at high fractions of the VO~2peak~ is an important determinant of work performance.[@b69-tcrm-6-601]--[@b72-tcrm-6-601] The self-selected fractional utilization of the VO~2peak~ during endurance exercise is linked to the VT.[@b29-tcrm-6-601],[@b73-tcrm-6-601] Therefore, the VT is often used as a submaximal index of aerobic exercise capacity, and it has been described as the exercise intensity at which minute ventilation increases at a disproportional rate compared to the increase in VO~2~.[@b26-tcrm-6-601],[@b74-tcrm-6-601],[@b75-tcrm-6-601] For clinical purposes, the VT has been used in a variety of populations because it does not necessitate peak exercise effort.[@b76-tcrm-6-601]--[@b80-tcrm-6-601]

The literature on the VT of persons with DS is very limited with only two previous studies available, making it very difficult to infer possible relationships between this physiological variable and poor exercise capacity in this population.[@b55-tcrm-6-601],[@b56-tcrm-6-601] The lack of research on this topic is probably related to the difficulty in detecting VT in most individuals with DS. Baynard et al showed that although detection rates approached 100% in adolescents with ID without DS, the VT was only detectable in \<60% of those with DS.[@b55-tcrm-6-601] They also showed that the minute ventilation over time method yielded the best detection rate in adolescents with DS. Interestingly, it was found that the VT (expressed as a percentage of VO~2peak~) of participants with DS did not differ from that of ID controls without DS (DS: 65%--70% vs controls with ID: 58%--61%). Recent research conducted by Mendonca et al also found similar fractional utilization of VO~2peak~ at the VT between adults with DS and nondisabled controls of similar age, sex, and body mass index (DS: 67.5%; nondisabled controls: 63.3%).[@b56-tcrm-6-601] Several investigations agree that the VT occurs between 52% and 57% of VO~2peak~ for nondisabled girls and boys aged between 11 and 20 years.[@b80-tcrm-6-601],[@b81-tcrm-6-601] Younger children aged 7--12 years exhibit higher relative VT, at 68%--75% of VO~2peak~.[@b80-tcrm-6-601] For adults, the VT typically occurs at 50%--70% VO~2peak~, although it can be as high as 80%--85% VO~2peak~ in highly trained individuals.[@b69-tcrm-6-601] Thus, persons with DS seem to have a relatively normal VT when expressed as a percentage of VO~2peak~. Consequently, it is unlikely that their limited exercise capacity results from low VT. Nevertheless, this needs to be further investigated and actual measurements of blood lactate concentration during graded exercise would be valuable to help clarify this issue.

Exercise economy in persons with DS
-----------------------------------

Another important factor that contributes to endurance exercise capacity has been termed 'exercise economy'.[@b24-tcrm-6-601] Economy refers to how much speed or power can be generated for a given level of VO~2~ (mL/kg/min) during activities such as walking, running, or cycling. Exercise economy reflects the interaction of numerous factors including muscle morphology, elastic elements, and joint mechanics in the efficient transfer of ATP to mechanical speed. Good exercise economy is manifested by lower fractional utilization of VO~2peak~ at a given speed and, consequently, in a reduction in glycogen utilization and less reliance on O~2~-independent metabolism leading to attenuated metabolic acidosis.[@b23-tcrm-6-601] Even though VO~2peak~ is very important for high-level performances, the individual workload attained at peak exercise is a function of both VO~2peak~ and exercise economy.[@b23-tcrm-6-601] This led some authors to explore whether exercise economy of persons with DS further exacerbates the amount of physical work they can perform because of their low VO~2peak~. The main hypothesis was that due to several anatomical and functional characteristics of DS (ie, joint laxity, muscle hypotonia, and gait instability), these individuals would present lower walking economy than nondisabled controls during exercise.[@b82-tcrm-6-601],[@b83-tcrm-6-601]

Although there are few studies on submaximal exercise capacity of persons with DS, recent research has provided important information on this issue. Mendonca et al first reported similar walking economy between adults with and without DS during horizontal treadmill exercise.[@b62-tcrm-6-601] However, in this study, the submaximal treadmill speed was selected on the basis of previous findings showing that adults with DS prefer very low walking speeds (\<2.5 km/h). Because the O~2~ cost of locomotion (mL/kg/km) displays a U-shape when analyzed as a function of walking speed, this might have placed the nondisabled participants at greater disadvantage compared to those with DS, thus limiting subsequent interpretations of the data. This suggested that the use of a wider range of walking speeds would be necessary to draw meaningful conclusions about walking economy in DS. While exploring this issue, Agiovlasitis et al showed an upward shift in the U-shaped O~2~ cost of locomotion of adults with DS compared to that of nondisabled controls.[@b84-tcrm-6-601] Importantly, these results were obtained when comparing both groups at similar dimensionless Froude number walking speeds (dissipating the effects of shorter legs in participants with DS). Moreover, when expressing walking economy as a function of body mass (VO~2~/kg), it was also found that the VO~2~ increased more steeply with increases in walking speed in adults with DS than in controls.[@b84-tcrm-6-601] This was later confirmed by Mendonca et al.[@b21-tcrm-6-601] These authors further explored differences in the delta VO~2~ response to positive changes in walking grade between adults with and without DS. They found that increases in treadmill grade at constant speed yielded similar delta VO~2~ between groups, thus suggesting that individuals with DS responded as efficiently as nondisabled controls to increments in walking grade. Consequently, there is enough evidence in the literature to suggest that not only is the VO~2peak~ of persons with DS substantially reduced, these individuals also exhibit low exercise economy at speeds faster than their preferred walking speed, which further compromises their exercise capacity. Of several candidate biomechanical variables (kinematic and kinetic) possibly contributing to the lower walking economy in DS, dynamic balance has been shown to be particularly challenging to these individuals.[@b84-tcrm-6-601],[@b85-tcrm-6-601] Accordingly, this may well implicate higher metabolic cost at faster walking speeds. The use of higher levels of muscle stiffness and angular impulse (forcing) by persons with DS when walking on a treadmill may also contribute to higher energy expenditure during positive variations in walking speed.[@b86-tcrm-6-601]

In summary, the existent research indicates that persons with DS show lower relative VO~2peak~ than controls without disabilities from childhood to adulthood. It is highly likely that this is due to reduced catecholamine response to dynamic exercise, which is manifested by chronotropic incompetence and limited cardiac output at peak exercise intensities. As reported by Baynard et al, this is different from that seen in individuals with ID without DS in whom the relative VO~2peak~ is similar to that of nondisabled controls across all age groups.[@b20-tcrm-6-601] One possible contributor to the low peak aerobic capacity across all ages in persons with DS is reduced physical activity levels; however, there is compelling evidence to support a true physiological limitation to exercise performance in these individuals (ie, chronotropic incompetence). As importantly, adults with DS also show poor physiological response to submaximal exercise (ie, reduced exercise economy), and this further aggravates their limited exercise capacity. Because disturbances in dynamic balance during locomotion have been shown to occur in DS at a young age, it is possible that reduced exercise economy may also be manifested by children and adolescents with DS.[@b82-tcrm-6-601] Therefore, otherwise healthy persons with DS exhibit a clinical profile characterized by reduced exercise capacity at all ages. Among several possible causes, including limited exercise opportunities, there is enough evidence to support an altered physiological response to exercise performed at different intensity domains in this population.

Effects of reduced exercise capacity in DS
==========================================

Neuromuscular strength and exercise capacity are important prerequisites for many activities of daily living, including tasks such as eating, dressing, rising from a chair, and walking. These factors are essential in maintaining independence and are important measures of functional ability.[@b87-tcrm-6-601] As mentioned, individuals with DS are significantly weaker and have lower VO~2peak~ than those with and without other forms of ID at all stages of life.[@b20-tcrm-6-601],[@b88-tcrm-6-601]--[@b91-tcrm-6-601] Such findings suggest that compromised basic function may be one of the main effects of reduced exercise capacity in this population.[@b89-tcrm-6-601],[@b92-tcrm-6-601]--[@b94-tcrm-6-601] Exercise capacity is also related to vocational performance in adults with ID, and individuals removed from competitive employment show a decrease in adaptive skill functioning and quality of life.[@b95-tcrm-6-601]--[@b99-tcrm-6-601]

Even though it would seem reasonable to expect some association between low physical fitness (reduced exercise capacity and/or muscle weakness) and poor performance in tasks of daily living in persons with DS, only recently was this issue appropriately explored. Cowley et al analyzed relationships between three timed tasks of daily living (chair rise, gait speed, and stair ascent and descent), age, and physical fitness (VO~2peak~, knee extensor, and flexor strength).[@b87-tcrm-6-601] Findings indicated that knee extensor strength was the most influential variable in predicting timed task performance, followed by VO~2peak~. In contrast, age was not a significant predictor of timed task performance in this population. Interestingly, the fact that VO~2peak~ predicted functional ability (chair rise and stair ascent) in a group of young adults with DS contrasts with findings in adults of similar age without DS. Such relationships have only been shown to exist in nondisabled adults aged 65 years and over.[@b100-tcrm-6-601],[@b101-tcrm-6-601] This led the authors to speculate that functional ability and independency of individuals with DS could be greatly affected if their trajectory of VO~2peak~ decline with age would be similar or worse to that of people without DS. This was relevant because an increased rate of biological aging had been previously shown to occur in DS (approximately twofold compared to nondisabled subjects).[@b102-tcrm-6-601] However, Baynard et al showed that VO~2peak~ does not decline in these individuals after the age of 16.[@b20-tcrm-6-601] Consequently, in contrast to that hypothesized by Cowley et al, the relationship between low VO~2peak~ and poor functional ability may possibly span all developmental stages of persons with DS and, therefore, be independent of the aging process. Accordingly, such a relationship may be inherent to DS itself and may not be affected by or predisposed to premature aging. The lack of association between age and performance on functional tasks of daily living, as described by Cowley et al, further supports this contention.[@b88-tcrm-6-601] Although the exact reason for the lack of VO~2peak~ decline with age in DS is not known, it is feasible that if this population has such low physical activity levels starting at a young age, any further reduction in physical activity will not manifest itself in an age-associated reduction in VO~2peak~. Another possibility is that they may just stay active enough to maintain enough functionality to meet the demands of daily living while avoiding substantial decrements in their VO~2peak~ as they age.[@b20-tcrm-6-601] Therefore, functional ability, in part mediated by exercise capacity, may well limit long-term employment and independence in this population, resulting in decreased community integration, increased need for services and support, and decreased quality of life.

Although little empirical data support this notion, children with DS exhibit fewer episodes of high intensity physical activity compared to their nondisabled peers.[@b103-tcrm-6-601] Physical activity patterns may be influenced by the energy expenditure during a certain activity. Thus, reduced exercise economy over a wide range of walking speeds may possibly provide a partial explanation for the high levels of sedentary behavior reported in this population (\<79%).[@b21-tcrm-6-601],[@b84-tcrm-6-601],[@b104-tcrm-6-601] Considering that under normal circumstances, physical activity accounts for between 15% and 30% of a person's total daily energy expenditure, this may also contribute to the high prevalence of overweight reported in DS (males: 45%; females: 56%).[@b44-tcrm-6-601],[@b105-tcrm-6-601] To gain a more comprehensive understanding on this topic, future research that assesses the relationship between these variables in DS would prove invaluable. Restricted opportunities to participate in exercise programs taking place at a community setting may also provide partial explanation for these findings.[@b92-tcrm-6-601] Even though such programs have been shown to be effective to improve muscle function in persons with DS, there is limited research on this topic.[@b106-tcrm-6-601]

Management of reduced exercise capacity in DS
=============================================

It is important for persons with DS to maintain their functional status so that they can lead healthy and satisfying lives without being institutionalized, especially as they age. Exercise training interventions targeted at children with DS are of particular importance because early intervention may have greater effects over the life span. Nevertheless, to the best of our knowledge, few prospective studies have examined the effects of structured exercise training in persons with DS and their findings are somewhat contradictory. Millar et al observed increases in work capacity but no changes in the VO~2peak~ of 14 adolescents with DS after a 10-week, 3 days/week, aerobic exercise program.[@b107-tcrm-6-601] These findings were subsequently confirmed by Varela et al after a 16-week rowing program performed 3 days/week.[@b109-tcrm-6-601] This led the authors to speculate that the capacity for improving aerobic functioning in DS might be limited. Nevertheless, both studies reported gains in exercise endurance after training; however, they were unable to provide a definite explanation for these findings. More recently, Tsimaras et al were the first to document a significant increase in the VO~2peak~ of adults with DS after an aerobic training regimen consisting of 3 sessions/week for 12 weeks.[@b110-tcrm-6-601] Similar findings were also reported after 12 weeks of a combined exercise program in adults with DS and after 28 weeks of multiergometer aerobic conditioning.[@b62-tcrm-6-601],[@b111-tcrm-6-601],[@b112-tcrm-6-601] Given these latest reports, there is evidence that adults with DS respond positively to structured exercise training, particularly under regimens of combined aerobic and resistance training, and this is further supported by a meta-analysis by Dodd and Shields.[@b112-tcrm-6-601] It is difficult to determine why some studies found increases in VO~2peak~ with training while others did not. Tsimaras et al suggest that it may be due to inadequate monitoring of intensity in the studies that failed to show increases in VO~2peak~.[@b109-tcrm-6-601] Most of the studies mention difficulties in motivating the subjects to keep exercising; none reported the success rates of maintaining the required exercise intensity.

There are only five trials that investigated whether persons with DS have the capacity to improve their levels of muscle strength in response to progressive resistance training. Three of these trials included progressive resistance training and two used a combined exercise program.[@b62-tcrm-6-601],[@b106-tcrm-6-601],[@b110-tcrm-6-601],[@b113-tcrm-6-601],[@b114-tcrm-6-601] Overall, findings indicate that programs prescribed for a frequency of 3 days/week improve the upper- and lower-limb muscle strength of persons with DS.[@b110-tcrm-6-601],[@b113-tcrm-6-601],[@b114-tcrm-6-601] In contrast, training regimens of lower frequency (2 days/week) are apparently associated with gains in muscle endurance.[@b62-tcrm-6-601],[@b106-tcrm-6-601] Even though this might seem important, none of these studies analyzed possible relationships between gains in muscle strength or endurance and increased VO~2peak~ in persons with DS after training.

Considering that the limitations to exercise capacity in DS result not only from reduced VO~2peak~, but also from compromised exercise economy, there are still some relevant and unanswered questions about the potential benefits of exercise training in this population. While exploring these issues, Mendonca et al recently found significant improvements in walking economy (ranging from 6.6% to 10.4%) after combined exercise training in adults with DS.[@b62-tcrm-6-601] Interestingly, it was also shown that this improved walking economy explained the gains seen in the work capacity (GXT time to exhaustion) of these individuals after training. Consequently, although not measured in their studies, the gains in work capacity reported by Millar et al and Varela et al were most likely due to improved exercise economy after training.[@b107-tcrm-6-601],[@b108-tcrm-6-601]

Finally, until recently, it was not known whether the relative gains in physical fitness of people with DS paralleled those seen in nondisabled individuals. Mendonca et al showed that a group of adults with DS improved their physical fitness to a similar magnitude as adults without disabilities after 12 weeks of combined aerobic and resistance training.[@b62-tcrm-6-601] Overall, this represents an important practical implication for the management of reduced exercise capacity in persons with DS. Specifically, since adults with DS respond to combined exercise training as those without disabilities, this supports that conventional exercise prescription guidelines, as those recommended by the American College of Sports Medicine, are well suited for this population.[@b115-tcrm-6-601]

Conclusions
===========

Reduced exercise capacity in persons with DS represents a significant problem since low fitness and activity levels have been associated with reduced survival rates in this population.[@b15-tcrm-6-601] Although several other factors may also be implicated, physiological differences such as chronotropic incompetence and low levels of muscle strength and muscle hypotonicity are known to contribute to the problem. Fernhall et al suggested that the inability to reach expected maximal heart rates limits cardiac output of individuals with DS and subsequently limits their VO~2peak~.[@b18-tcrm-6-601] The reason for these low maximal heart rates is apparently related to a combination between reduced adrenergic responsiveness and blunted vagal withdrawal during exercise.[@b58-tcrm-6-601],[@b63-tcrm-6-601] Although low levels of muscle strength and hypotonicity have been associated to low VO~2peak~, they may also be a plausible cause of reduced exercise economy in this population. In contrast, even though the literature on this topic is scarce, the VT of persons with DS does not seem to limit their ability to respond appropriately to endurance exercise.

Reduced levels of muscle strength and low VO~2peak~ have been shown to be determinants of poor performance in tasks of daily living in persons with DS.[@b87-tcrm-6-601] The relationship between these variables is not affected by the aging process in these individuals and, therefore, spans all stages of their development. As a consequence, exercise training interventions targeted at children with DS are of particular importance.

Finally, the effect of exercise training has been shown to be beneficial for improving exercise capacity and physiological function in persons with DS.[@b62-tcrm-6-601],[@b109-tcrm-6-601]--[@b112-tcrm-6-601] The literature suggests that a combined aerobic and resistance exercise program may have a larger impact on physical fitness than aerobic exercise alone in people with DS. This is supported by improvements seen in both VO~2peak~ and exercise economy resulting from combined exercise regimens.[@b62-tcrm-6-601],[@b110-tcrm-6-601] However, although there is enough evidence to suggest that programs designed to improve exercise capacity can be beneficial for people with DS, it is not known whether gains in physical fitness can be retained by this population over time because no study included a follow-up phase. The effect that a participant's age, sex, or concurrent health problem might have on program outcomes or on person's ability to participate in these programs also remains largely unknown. There is also a need to determine implications for longer term exercise training regimens and to further explore the effectiveness of increased opportunities to participate in exercise programs taking place in a community setting starting at a young age. These issues need to be addressed in future studies.
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